A method for the production of intervertebral disk cell transplants 
and their use as transplantation material 

Description 

The invention relates to a method for the In vitro production 
of intervertebral disk cartilage cell transplants from af- 
fected intervertebral disk tissue from patients and to the use 
thereof as transplantation material for the treatment of af- 
fected intervertebral disks. The invention also relates to a 
three-dimensional, vital, and mechanically stable interverte- 
bral disk cartilage tissue and to the use thereof as trans- 
plantation material for the treatment of affected interverte- 
bral disks and in testing active substances. Furthermore, the 
invention is directed to the intervertebral disk cell trans- 
plants produced, the transplantation technology, and the in- 
tervertebral disk cartilage tissues produced, and to therapeu- 
tic formulations, e.g. injection solutions containing said 
tissue and cell transplants. 

Degeneration of intervertebral disks is initiated during age- 
ing or as a result of traumas, inducing acute and chronic pain 
and instabilities in the vertebral column. More than 300,000 
patients in Europe are suffering from a discopathy. Approxi- 
mately 70% of the patients suffering from a prolapsed in- 
tervertebral disk and being treated by means of discectomy are 
still suffering from pain in their backs. In 10% of these pa- 
tients, persistent severe pain necessitates further surgical 
treatment (Yorimitsu et al . , 2001). This is due to a reduced 
height of the intervertebral disk as a result of surgery, an 
increase of local strain on the intervertebral disk tissue as- 
sociated therewith (Brinckmann and Grootenboer, 1991), and, in 
particular, lack of healing and regeneration of destroyed and 
removed intervertebral disk tissue (Lundon and Bolton, 2001; 
Meakin et al., 2001). In the course of time, the instability 
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of the affected intervertebral disk results in degenerative 
changes of adjoining intervertebral disks, thereby necessitat- 
ing further surgical intervention and, in the worst case, fu- 
sion of vertebral bodies or insertion of a prosthesis. There- 
fore, biological repair or regeneration of intervertebral 
disks represents the future in treating degenerate interverte- 
bral disks. 

A well-known method for the biological regeneration of tissue 
is cartilage cell transplantation using autologous cells, 
which method has been used in the treatment of joint cartilage 
defects. This method utilizes the potential of joint cartilage 
cells of building up new tissue in vivo after transplanting 
the cells. To this end, a joint cartilage biopsy is taken from 
the patient, cartilage cells are isolated therefrom, grown by 
means of cell culturing, and transplanted into the patient in 
the area of the tissue defect e.g. by injection. There, they 
form new tissue, thus completely filling up the defect. This 
method achieves formation of tissue in the body after applica- 
tion of a cell transplant. In principle, this methodology can- 
not be used in the treatment of intervertebral disk degenera- 
tion because extraction of starting material from an intact 
adjacent intervertebral disk of a patient is not possible for 
ethical reasons and affected tissue cannot be used a priori. 

Initial approaches to biological replacement of intervertebral 
disks have been using healthy intervertebral disk tissue as 
starting material. Thus, Handley (US 6,080,579) and Ferree (US 
6,340,369 Bl) describe the use of normal intervertebral disk 
tissue to isolate intervertebral disk cells and combine these 
cells with a bioabsorbable carrier. Similarly, a great deal of 
scientific work is based on the use of normal intervertebral 
disk tissue: Okuma et al . , 2000, Gruber et al., 2000, Chelberg 
et al., 1995. However, a healthy intervertebral disk of a pa- 



- 3 - 



tient cannot be used as a source of tissue to treat another 
intervertebral disk because removal of tissue results in de- 
struction, degeneration and, as a consequence, loss of func- 
tion of this intervertebral disk. 

Another approach involves the use of degenerate nucleus pulpo- 
sus tissue which is removed from the inside of a degenerate 
intervertebral disk and worked up. This surgical intervention 
further destroys the intervertebral disk which is degenerated 
and destroyed anyway. On the one hand, work-up of the tissue 
is suggested to be dehydration (US 6,648,918) or combination 
of cells present therein with a carrier material (US 
6,569,442; US 2001/0020476 Al) and subsequent re- 
transplantation into the degenerate intervertebral disks. How- 
ever, the dehydrated tissue does not include any living cells 
and consequently does not represent a method of biological re- 
generation. The suggested combination of nucleus cells or 
other cells with a carrier material neither represents a 
purely biological method and calls for the use, of a suitable 
carrier material which, for example, must be suitable in bio- 
mechanical terms, which is to be formed and is degraded in the 
same way as new tissue, which must not impair the formation of 
new tissue or, for example, trigger immunologic reactions due 
to synthetic, allogenic or xenogenic materials used in any 
event. 

Another option of treatment involves the use of intervertebral 
disks from other patients, which would therefore be an al- 
logenic transplantation (6,344,058; Keith DK et al . , 2003). In 
this event, however, immunologic reactions represent a prob- 
lem, and mere introduction of a donor intervertebral disk 
would probably not induce any biological regeneration of the 
affected intervertebral disk. 
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As a consequence of the problems mentioned above, the general 
targets in treating degenerate intervertebral disks and regen- 
erating intervertebral disks are therefore as follows: using 
medically and ethically justifiable starting tissue or cell 
samples, avoiding destruction of other intervertebral disks or 
of the affected, diseased intervertebral disk of a patient, 
using materials from the patient only (autologous therapy), 
finding optimum conditions of cell isolation and culturing 
for the growth of intervertebral disk cells and subsequent 
formation of intervertebral disk matrix, doing without carrier 
materials so as to avoid immune reactions. The above problems 
can be solved by transplanting a specific autologous cell 
transplant or by transplanting a three-dimensional interverte- 
bral disk cartilage tissue which has been prefabricated out- 
side the body. 

The object of the present invention was therefore to provide 
methods for the production of intervertebral disk cartilage 
cell transplants and stable vital intervertebral disk carti- 
lage tissue suitable for autologous transplantation, rapid re- 
development and conservation of the intervertebral disk func- 
tion. It is essential that the starting material for the pro- 
duction of the cell transplants can be collected in a medi- 
cally and ethically justifiable manner, and that the interver- 
tebral disk cells cultured in an autologous fashion do not un- 
dergo changes over the time period from collection to trans- 
plantation and have high proliferation and differentiation ca- 
pacities . 

Surprisingly, it was possible to demonstrate that affected in- 
tervertebral disk tissue can be used as starting material. Up 
to now, it has been assumed that degenerate tissue could not 
be used to isolate adult cells in sufficient number, which 
cells would be vital, have sufficient proliferation, and sub- 
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sequently be even capable of differentiating in a tissue- 
specific manner to form intervertebral disk tissue, because 
tissue-specific cells in tissues subject to degeneration 
change their properties with respect to matrix synthesis, be- 
ing destroyed and even replaced by other cells with different 
properties lacking tissue specificity. Surprisingly, however, 
it was possible to isolate a sufficient number of vital cells 
particularly from prolapsed degenerate intervertebral disk 
tissue. Such prolapsed degenerate intervertebral disk tissue 
consists of intervertebral disk portions of the fibrous ring 
and of the pulpy nucleus, and the cells isolated from the 
above two tissue areas (anulus fibrosus cells and nucleus 
pulposus cells) even proliferate and differentiate tissue- 
specifically in a particularly specific manner under the 
autologous culturing conditions that are present. Hence, the 
above mixed-cell transplants are suitable for a cell-based 
therapy to restore the function of an intervertebral disk. 

Thus, a method is described for the first time which allows 
production of specific autologous mixed-cell intervertebral 
disk transplants which, following transplantation in a dam- 
aged/affected intervertebral disk, can save the intervertebral 
disk by forming new intervertebral disk tissue and, as a con- 
sequence, restore the neurological and mechanical functions of 
the vertebral column in cases of discopathy or prolapsed in- 
tervertebral disk . 

Even in advanced degeneration of an intervertebral disk, i.e., 
degeneration or traumatic lesion of the outer layer of the in- 
tervertebral disk (anulus fibrosus), the present invention 
permits restoration and conservation of the neurological, bio- 
logical and mechanical functions of the intervertebral disk by 
isolating mixed tissue cells from prolapsed, degenerate in- 
tervertebral disks, which cells are subsequently cultured to 
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form autologous three-dimensional tissue without using carrier 
materials. The isolated intervertebral disk tissue, especially 
the intervertebral disk cells, are grown in a cell culture me- 
dium preferably under autologous culturing conditions, adding 
serum from the patient only. During growth, the intervertebral 
disk cells isolated from degenerate, prolapsed intervertebral 
disk tissue are preferably cultured in a cell culture medium 
including 1-20% of added autologous serum, wherein the ratio 
of alpha-MEM medium and HAM-F12 medium is between 2:1 and 1:2, 
at 36.8-37°C in air containing 5% carbon dioxide and having a 
humidity of 85-95%, the synthesis of matrix and marker pro- 
teins by said cells remaining unchanged. 

In a likewise preferred fashion the isolated intervertebral 
disk cells, following growth thereof in monolayer, are cul- 
tured in a cell culture medium including 1-20% of added 
autologous serum, wherein the ratio of alpha-MEM medium and 
HAM-F12 medium is between 2:1 and 1:2, at 36.8-37°C in air 
containing 5% carbon dioxide and having a humidity of 85-95%, 
thereby becoming capable of differentiating, forming matrix 
structures comprising specific intervertebral disk matrix pro- 
teins . 

In a likewise preferred fashion the isolated intervertebral 
disk cells, following growth thereof in monolayer, are frozen 
in a solution of 10% DMSO, 20% serum and 70% culture medium, 
followed by thawing, so that their properties with respect to 
the synthesis of specific matrix components and markers remain 
unchanged and tissue structures consisting of intervertebral 
disk-specific matrix proteins are formed in vitro and in vivo. 

The above-described features of unchanged synthesis of marker 
and matrix proteins do not represent an object or desired 
function to be achieved, but rather a consequence of the cul- 
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turing steps. The above features are mentioned merely for rea- 
sons of clarification. Accordingly, the disclosure of these 
features is intended to illuminate the consequences of the in- 
ventive steps of use or processing. 

Therefore, the formation of matrix structures comprising spe- 
cific intervertebral disk matrix proteins is not a preferred 
property; rather, the formation of the above-mentioned matrix 
structures is a result of the culturing conditions. 

In a preferred fashion the cells isolated from intervertebral 
disk tissue are cultured in a culture vessel with hydrophobic 
surface . and tapering bottom, thereby obtaining three- 
dimensional cell aggregates. 

In treatment using the intervertebral disk cell transplants 
according to the invention, the outer envelope of the in- 
tervertebral disk, i.e., the anulus fibrosus which has been 
damaged by effusion of intervertebral disk tissue, advanta- 
geously heals - prior to transplantation - in such a way that 
liquids, e.g. the cell transplants produced, could not effuse 
from the interior of the intervertebral disk. This time period 
is patient-dependent. The intervertebral disk cell transplants 
are produced during this period of time, and while growing in 
the cell culture, the intervertebral disk mixed-cells receive 
their tissue-specific properties with respect to their differ- 
entiation potential and, as a consequence, the success of 
transplantation. In contrast, this potential is reduced when 
separately culturing the anulus fibrosus and nucleus pulposus 
cells, and some intervertebral disk-specific markers will not 
be expressed following transfer into the three-dimensional en- 
vironment. For this reason, it is only mixed cultures that are 
particularly suitable, in building up intervertebral disk tis- 
sue after transplantation in a degenerate intervertebral disk. 
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In addition, the cell and tissue transplants produced in vitro 
should not induce any immunologic reactions in the organism 
containing the transplant. Surprisingly, it was found that the 
cells and tissues produced in an autologous manner according 
to the invention do not induce any immunologic reactions. 

The affected intervertebral disk tissue collected from the pa- 
tient can be further processed in various ways: 

(a) The intervertebral disk mixed cells are isolated from the 
biopsies according to conventional methods, using enzy- 
matic digestion of the tissue, migration, or reagents rec- 
ognizing the target cells. Adding autologous serum only, 
without addition of exogenic growth-promoting compounds 
and without addition of antibiotics, the above cells are 
cultured in cell culture vessels in conventional culture 
medium until a sufficient amount of cells is available 
(Fig. 2) . This period of time is made as short as possible 
so as to avoid changes in their phenotypic properties. Af- 
ter sufficient cell propagation, the cells are harvested, 
and the cell transplant consisting of an intervertebral 
disk cell suspension is ready for therapeutic applica- 
tions . 

According to the invention, the isolated intervertebral disk 
cells are used in mixture, i.e., the cells are not separated 
according to anulus fibrosus and nucleus pulposus cells - tis- 
sue portions of which are included in the prolapsed interver- 
tebral disk tissue - and cultured separately or as single-type 
cells. It is precisely these mixture conditions that later 
achieve improved intervertebral disk-specific differentiation 
of the cells (see Fig. 3) . Hence, the above autologous mixed 
culturing technique for growing intervertebral disk cells - 
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following transfer thereof into a three-dimensional environ- 
ment - allows intervertebral disk-specific differentiation of 
the thus-cultured cells for the first time. 

(b) In another method the isolated intervertebral disk cells 
are pre-cultured and briefly grown without passaging. 
Thereafter, the pre-cultured cells are harvested, frozen, 
and stored in deep-frozen state until used in transplanta- 
tion. Prior to transplantation, the cells are thawed and 
cultured further together with autologous serum in conven- 
tional cell culture medium until a sufficient number of 
cells is reached. Following sufficient propagation of the 
cells, the cells are harvested, thus providing the cell 
transplant consisting of an intervertebral disk cell sus- 
pension. Surprisingly, it was noted that the interverte- 
bral disk cells do not lose their specific properties with 
respect to the synthesis of specific marker and matrix 
proteins as a result of such freezing and thawing (see 
Fig. 5) . 

(c) Another preferred procedure likewise utilizes patient- 
derived affected intervertebral disk tissue as starting 
material. The tissue-building cells are isolated from the 
biopsies from anulus fibrosus and nucleus pulposus accord- 
ing to conventional methods, using enzymatic digestion of 
the tissue, migration, or reagents recognizing the target 
cells Thereafter, these mixed cells are initially cul- 
tured in monolayer under autologous conditions, using a 
standard culture medium, until a sufficient number of 
cells is reached, subsequently transferred into cell cul- 
ture vessels with hydrophobic surface and tapering bottom 
and cultured in suspension therein until a three- 
dimensional- cell aggregate is formed which includes at 
least 40% by volume, preferably at least 60% by volume, 
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and up to a maximum of 99% by volume of de novo- 
synthesized extracellular matrix (ECM) having differenti- 
ated cells embedded therein. By taking small samples, 
these values can be determined by a person skilled in the 
art . The cell aggregate having formed has an outer region 
wherein cells capable of proliferation and migration are 
present (see Fig. 1). 

According to the invention, the isolated intervertebral disk 
cells are used in mixture, i.e., the cells are not separated 
according to anulus fibrosus and nucleus pulposus cells and 
cultured separately or as single-type cells. It is precisely 
under such mixture conditions that intervertebral disk- 
specif ic differentiation of the mixed cells is promoted in the 
three-dimensional culture and, as a consequence, in the forma- 
tion of three-dimensional intervertebral disk tissue, and the 
expression of intervertebral disk-specific markers can only be 
achieved in such cultures, with formation of three-dimensional 
intervertebral disk tissue being promoted when using said 
mixed cultures (see Fig. 3) . Hence, the above ^autologous mixed 
culturing technique permits production and use of an interver- 
tebral disk-specific tissue transplant for the first time, 
which transplant is produced in an autologous fashion from de- 
generate, prolapsed intervertebral disk tissue. 

The intervertebral disk mixed cells isolated from affected in- 
tervertebral disk tissue and used to produce autologous three- 
dimensional intervertebral disk cell aggregates such that the 
collected cells are integrated in a de novo-synthesized tissue 
survive even after a prolonged time of culturing, i.e., the 
cells inside the aggregates do not die. With increasing cul- 
turing time, the cells inside the aggregates undergo differen- 
tiation to form intervertebral disk cartilage tissue consist- 
ing of ECM, differentiated cells and a peripheral prolifera- 
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tion zone (see Fig. 1) . During differentiation in the autolo- 
gous cell culture, the spacing between the aggregated cells 
steadily increases due - to formation of tissue-specific matrix 
(see Fig. 3, comparison of (3c) with (3d)). A tissue histology 
develops inside the intervertebral disk tissue produced in vi- 
tro, which is highly similar to natural tissue. During the 
further course of production of intervertebral disk cartilage 
tissue, a "proliferation zone" is formed at the boundary 
thereof. This zone is invaluably advantageous in that, follow- 
ing incorporation of the thus-formed intervertebral disk car- 
tilage tissue in degenerate . intervertebral disks, the cells 
situated in this peripheral zone are capable of migrating to 
make active contact with the surrounding tissue and/or enable 
integration of the in vitro produced intervertebral disk car- 
tilage tissue in the environment thereof. Thus, ' the tissue- 
specific cell aggregates produced are excellently suited for 
use in the treatment of degenerate intervertebral disks and in 
in vivo neogenesis of intervertebral disk tissue. 

In view of the biomechanical strain on the intervertebral 
disks immediately after treatment, and with respect to the 
target of restoring the intervertebral disk in its height at 
the same time with transplanting the intervertebral disk car- 
tilage tissue, it can be advantageous to transplant larger 
.pieces of tissue at an early stage. In this event, at least 
two, or preferably more of the intervertebral disk cartilage 
tissues obtained in vitro are fused by continuing culturing 
thereof under the same conditions and in the same culture ves- 
sels as described above until the desired size is reached (see 
also Fig . 4) . 

A medium usual for both suspension and monolayer culture, e.g. 
Dulbecco's MEM, with addition of serum, can be used as cell 
culture medium. It is preferred to use DMEM and HAMS at a ra- 
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tio of 1:1. However, to avoid immunologic response in the pa- 
tient to the tissue produced in vitro, it is preferred to use 
autologous serum from the patient as serum. It is also possi- 
ble to use xenogenic or allogenic serum. 

According to the invention, no antibiotic, fungistatic agents 
or other auxiliary substances are added to the culture medium. 
It has been found that only autologous or allogenic culturing 
of the cells and cell aggregates and culturing with no antibi- 
otic and fungistatic agents allows non-affected proliferation 
and differentiation of the cells in the monolayer culture and 
undisturbed formation of the specific matrix within the cell 
aggregates. Furthermore, by avoiding additives during the pro- 
duction, any immunologic reaction is excluded when incorporat- 
ing the tissue produced in vitro in a human or animal organ- 
ism. 

The size of the intervertebral disk tissue produced depends on 
the number of incorporated cells per volume of culture medium. 
For example, when incorporating 1 x 10 7 cells in 300 \il of 
culture medium, three-dimensional intervertebral disk cell ag- 
gregates about 500-700 |Llm in diameter are formed within one 
week. Another option would be in vitro fusion of small cell 
aggregates to form larger ones - as described above - and in- 
corporation of the latter in the intervertebral disk. Accord- 
ing to the invention, it is preferred to use between 1 x 10 4 
and 1 x 10 7 cells in 300 |Lll of culture medium to produce small 
cell aggregates, more preferably 1 x 10 5 cells. Depending on 
the cell type and patient-specific characteristics, the in- 
tervertebral disk tissues having formed in vitro after several 
days are then cultured in a suitable culture medium for at 
least 2-4 weeks to induce formation of the tissue-specific ma- 
trix. From about one week of culturing on, it is possible in 
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special cases to fuse individual in vitro intervertebral disk 
tissues so as. to increase the size of the tissue patch. 

As cell culture vessels for the inventive culturing in suspen- 
sion, those having a hydrophobic, i.e., adhesion-preventing 
surface, such as polystyrene or Teflon, can preferably be 
used. Cell culture vessels with a non-hydrophobic surface can 
be hydrophobized by coating with agar or agarose. Further ad- 
ditives are not required. Preferably, well plates are used as 
cell culture vessels. For example, 96-well plates can be used 
to produce small cell aggregates, and 24-well plates to pro- 
duce said fused aggregates. 

The invention is also directed to a surgical technique of 
transplanting the intervertebral disk cells and the in vitro- 
produced three-dimensional intervertebral disk cartilage tis- 
sues into a damaged intervertebral disk. According to the in- 
vention, transplantation is effected by injecting the in- 
tervertebral disk cells under fluoroscopic control, following 
disinfection of the skin, sterile covering of the skin area 
and local anesthesia, and - in a preferred fashion - strictly 
avoiding the use of contrast media. 

To this end, the intervertebral disk cell transplants - fol- 
lowing production in a laboratory - are filled in special 
transportation tubes with tapering bottom, rounded or sharp, 
and - in the operating room - drawn up in a syringe through a 
puncture needle with e.g. a slant-ended cannula. Complete up- 
take of the solution containing the cells is made possible es- 
pecially by the tapering bottom of the transportation vessel 
and the slant-ended cannula. To ensure delivery of the cells 
in the intervertebral disk without damaging the cells and with 
lowest possible loss of liquid, i.e. cells, the puncture nee- 
dle essentially has an inner diameter of 0 . 4 to 2 mm. Accord- 



- 14 - 



ing to the present invention, transplantation by injecting the 
intervertebral disk cells in the intervertebral disk to be 
treated is effected particularly at the side opposite to the 
previously operated side of the intervertebral disk (removal 
of intervertebral disk prolapse), using a slant-ended puncture 
needle. According to the invention, injection of the cell 
transplant takes place under fluoroscopic control because the 
actual delivery of cells into the intervertebral disk interior 
must be monitored. Conventionally, the use of contrast media 
is possible which, however, damage the cells, thereby prevent- 
ing successful cell transplantation. Following delivery of the 
intervertebral disk cells in the intervertebral disk space, 
the puncture needle is retracted from the intervertebral disk. 
Preferably, the patient then is ordered to strict bed rest for 
12 hours, followed by 12-24 hours of regular bed rest and 24- 
48 hours bed rest with physiotherapeutic exercises. Thereaf- 
ter, the vertebral column is stabilized e.g. for some weeks 
using a conventional suitable orthesis. 

As in the case of intervertebral disk cells, transplantation 
of the three-dimensional in vi tro-produced intervertebral disk 
cartilage transplants is effected by means of a puncture nee- 
dle, in particular. To make sure that mechanical and therefore 
biological damage of the intervertebral disk cartilage trans- 
plants is avoided during injection, a puncture needle with a 
diameter of at least 500 \\m is used. According to the inven- 
tion, essentially single passage through the puncture needle 
is effected to avoid mechanical damage of the intervertebral 
disk cartilage transplants. For this reason, the interverte- 
bral disk cartilage transplants are transferred in a syringe 
following production thereof in a laboratory, on which syringe 
the puncture needle merely has to be placed in the operating 
room. According to the invention, the puncture needle used in 
this case must also have a slanted opening so as to allow 
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rapid delivery - by virtue of the enlarged area of delivery - 
of the intervertebral disk cartilage transplants in a smallest 
possible liquid volume (delivery volume) . Thereafter, injec- 
tion is effected as described for the cell transplants above. 

The invention is also directed to therapeutic formulations 
comprising the intervertebral disk cell transplants and in- 
tervertebral disk cartilage tissue of the invention, e.g. in- 
jection solutions . 

The invention is also directed to the use of the interverte- 
bral disk cartilage tissues of the invention in testing active 
substances which e.g. have influence on the formation and dif- 
ferentiation of matrix and cells. To this end, the interverte- 
bral disk cell aggregates are produced in accordance with the 
invention, medications to be tested are added at varying 
stages of maturing, and a variety of parameters of in vitro 
intervertebral disk tissue production and maturing are charac- 
terized. Compared to conventional testing of drugs in animals 
or tumor cell systems, these tests are patient-specific owing 
to the use of autologous material only and allow individual 
diagnosis . 

Without intending to be limiting, the invention will be illus- 
trated in more detail with reference to the examples. 

Examples 

Example 1 : 

Production of intervertebral disk cell transplants 

Intervertebral disk cartilage cells from anulus fibrosus and 
nucleus pulposus 'are isolated from affected intervertebral 
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disk tissue, using enzymatic digestion by incubation with col- 
lagenase solution. Following separation of the isolated cells 
from undigested cartilage tissue, the cells in the form of a 
mixed-cell population are transferred in cell culture flasks 
and, following addition of DMEM/HAMS F12 culture medium (1/1) 
and 10% autologous serum from the patient, incubated at 37°C 
and 5% C0 2 . The medium is exchanged twice a week. After reach- 
ing the confluent stage, the cell layer is washed with physio- 
logical saline solution and harvested from the cell culture 
surface using trypsin. After another wash, the intervertebral 
disk cells are transferred in physiological saline solution 
and provided for transplantation. 

The differentiation potential of the intervertebral disk cells 
included in the cell transplant was demonstrated in an in vi- 
tro model. Intervertebral disk-specific matrix proteins and 
marker proteins are expressed (Fig. 3) and a intervertebral 
disk-specific tissue formed in this way. 
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Example 2 : 

Transplantation of intervertebral disk cartilage cells 

The intervertebral disk cell transplants produced in Example 1 
(minimum: 1,000 cells, maximum: 100 million cells), preferably 
about 1 million intervertebral disk cartilage cells, were 
taken up in physiological saline solution and injected in an 
affected intervertebral disk. It was noted, among other 
things, that the water content was rising and the height of 
the intervertebral space was maintained in the treated in- 
tervertebral disk, both of the above being due to the matrix 
proteins synthesized by the intervertebral disk cartilage 
cells . 

The in vitro-produced intervertebral disk cell transplants of 
the invention are accepted by patients, ensure rapid integra- 
tion of the cells capable of proliferation and migration, as 
well as regeneration of the intervertebral disk tissue as a 
result of the differentiating ability of the cells included 
therein. Therefore, the intervertebral disk cell transplants 
allow rapid re-development of intervertebral disk tissue, 
rapid convalescence of patients, and restoration of the in- 
tervertebral disk function. 
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Example 3: 

In vitro production of intervertebral disk cartilage tissue 

Intervertebral disk cartilage cells from anulus fibrosus and 
nucleus pulposus are isolated from prolapsed intervertebral 
disk tissue, using enzymatic digestion by incubation with col- 
lagenase solution. Following separation of the isolated cells 
from undigested tissue, the cells in the form of a mixed cul- 
ture are transferred in cell culture flasks and, following ad- 
dition of D MEM /HAMS F12 culture medium (1/1) and 10% autolo- 
gous serum from the patient, incubated at 37°C and 5% C0 2 .. The 
medium is exchanged twice a week. After reaching the confluent 
stage, the cell layer is washed with physiological saline so- 
lution and harvested from the cell culture surface using tryp- 
sin. After another wash, 1 x 10 5 cells each time are trans- 
ferred in a cell culture vessel coated with agarose. After one 
day, the first cells have arranged into aggregates. These ag- 
gregates are supplied with fresh medium at regular intervals 
and cultured for at least 2 weeks. 

The structure of the resulting intervertebral disk, cartilage 
tissue is represented in the microscopic image in Fig. 1 which 
shows the cross-section of an intervertebral disk tissue pro- 
duced according to the invention, with ECM as a zone of re- 
duced proliferation and formation of tissue-specific matrix 
proteins and P as outer proliferation zone. 

Expression and deposition of intervertebral disk-specific ma- 
trix components and regulatory proteins such as aggregan (Fig. 
3a), hyaline-specific proteoglycans (Fig. 3b), collagen type I 
(Fig. 3c), collagen type II (Fig. 3d) and collagen type III 
(Fig. . 3e) was detected in the above in vitro intervertebral 
disk tissues. These are components of native intervertebral 
disk cartilage tissue in vivo, representing the most important 
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structural proteins which are of crucial importance for the 
function of intervertebral disk cartilage. 

Surprisingly, when cultured as a mixture of anulus fibrosus 
and nucleus pulposus, the intervertebral disk cells isolated 
from affected intervertebral disk tissue show high prolifera- 
tion capacity (Fig. 2) and very high differentiation potential 
for the formation of intervertebral disk-specific matrix pro- 
teins and regulatory proteins (see also Fig. 3), and their 
properties can be retained by the procedure of freezing and 
thawing (see also Fig, 5) . 
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Example 4 : 

Transplantation of intervertebral disk cartilage tissue 

The intervertebral disk cartilage tissue produced in Example 3 
(about 10 to 1000 tissue patches, each comprising 
1 x 10 5 cells), preferably 100 tissue patches, in physiologi- 
cal saline solution was taken up in a syringe in the labora- 
tory and injected into the intervertebral space of affected or 
damaged intervertebral disks using a puncture needle with 
slanted opening. The intervertebral disk cartilage tissue pro- 
duced in vitro according to the invention is well-accepted by 
patients and, in addition to realizing the mechanical function 
of the tissue produced, ensures rapid integration of the re- 
sulting tissue patch in the outer layers of the aggregate by 
the cells capable of proliferation and migration, as well as 
regeneration of the intervertebral disk tissue as a result of 
the differentiating ability of the cells included therein. 
Hence, structure and function of the tissue patches allow 
rapid re-development of intervertebral disk tissue, rapid con- 
valescence of patients, and restoration of the intervertebral 
disk function. 

Fig. 4 shows five intervertebral disk tissues undergoing fu- 
sion. As can be seen, the tissue spheres adhere to each other, 
and coalesce, so to speak, the boundary between any two in- 
tervertebral disk tissues is no longer recognizable. After a 
prolonged period of culturing, the intervertebral disk tissues 
undergo complete fusion to form a larger in vitro tissue 
patch. The structure of the larger cell aggregates thus ob- 
tained is comparable with in vitro intervertebral disk tissue. 
They can include up to maximum of 99% ECM, and the resulting 
cells are vital. 



